Horses have evolved as a grazing, hindgut fermenting herbivore. Considering the GI physiology, the majority (or all) the energy can and should be provided in the form of roughage (hay and pasture). However, during periods of heavy energy demand, concentrate feeds (grains, grain mixes, or fortified feeds) must typically be furnished since the horse's digestive tract in not large enough to allow enough roughage to be eaten to supply its energy needs.
INTRODUCTION
Horses have evolved as a grazing, hindgut fermenting herbivore. Considering the GI physiology, the majority (or all) the energy can and should be provided in the form of roughage (hay and pasture). However, during periods of heavy energy demand, concentrate feeds (grains, grain mixes, or fortified feeds) must typically be furnished since the horse's digestive tract in not large enough to allow enough roughage to be eaten to supply its energy needs.
DAILY ENERGY REQUIREMENTS
Depending on age and use, horses differ in the amounts of energy they use (Table 1) . Maximum voluntary feed consumption of mature animals will generally be 2.5 to 3% of body weight (although percentages will vary depending on the roughage content of the ration and on individual variation). As a rule of thumb, for maintenance requirements and light work, 100% of the horse's diet can consist of forage and should be fed at approximately 2% of the horse's body weight (~ 20lbs of hay for a 1,000lbs horse).Good pasture (or high quality forage) and mineral supplements often satisfies the nutrient requirements of mature horses that perform light to moderate work (as well as early gestation). Protein requirements depend on the age and use of the horse. Growing, lactating, aged, and sick horses require more protein than those that are working. The need for vitamins and minerals depends on the forage base (e.g. if forage is primarily grass, a mineral mixture should contain 2 parts calcium and 1 part phosphorus; if forage is primarily legume based, the mineral mixture supplied should contain no more than 1 part calcium to 1 part phosphorus). (approximately 1.5-2% of BW). If weight gain or weight loss is being achieve, the estimated ideal body weight in kg should be used in the equation rather than the actual weight. Caution: Caloric intake in obese horses should not be restricted severely for prolonged periods of time because of the risk of hyperlipidemia, especially in ponies and donkeys. 
COMPOSITION OF DIET
Forage should be the cornerstone of the horse's diet. Pasture or hay should be chosen to meet as much as possible of the horse's protein, energy and fiber needs. The most important thing is to select the right forage and add vitamins, minerals, fats and limited amounts of grains as needed (Table 1) . Mineral concentration varies considerably in common equine feeds. Forages typically contain high levels of potassium and magnesium. While legumes contain calcium concentrations well in excess of requirements, grasses tend to have lower calcium levels. Phosphorus is often supplemented in horses on forage only diets, but levels may be adequate in diets containing cereal grains. Sodium concentrations in feeds used for horses are typically low, but can easily be met by supplementation with sodium chloride. 
60-70%
20-40% 0-10% YES Forage is typically provided in form of hay (legume, grass, or a mixture of both) and pasture. Several factors affect the quality of hay and these include type of hay, maturity at harvest, season of harvest, as well as handling and storage condition. The more mature the forage at harvest, the lower is its nutrient concentration and digestibility. The greater the ratio of leaves to stem and the absence of see heads or flowers indicate higher quality. If hay analysis is performed, look for forages containing 14-18% crude protein and less than 35% acid detergent fiber (ADF).
Generally, characteristics of good quality roughage include high leaf-to-stem ratio, fresh smell and appearance, cleanliness, and natural color. Although visual inspection of hay generally provides a reasonable assessment of quality, hay should be analyzed to determine its actual nutrition content especially if feeding a horse with metabolic or endocrine abnormalities.
Grains provide only slightly more energy per pound than fermentable fibers (like soybean hulls and beet pulp) and good-quality hays (Table 2 ). Corn and barley provide even less energy when they are not processed, due to their low pre-cecal starch digestibility. While feeding grain-based diets is associated with increased energy intake and decreased bowel ballast, high grain meals are also linked to a number of health problems such as gastrointestinal disturbances (hindgut fermentation of carbohydrates that escape prececal digestion), gastric ulcers (increased gastrin release), obesity (high glycemic index), developmental orthopedic disorders and rhabdomyolysis (glycogen loading).
In contrast, horses fed high fat diets are less likely to suffer from digestive and metabolic disorders than horses fed large amounts of grains. In addition, dietary fats have been proposed to reduce the risk of muscle disorders (fat adaptation increases oxidation of fatty acids and spares glucose and glycogen), to enhance exercise and reduce heat production associated with exercise. Lastly, studies also indicate that addition of dietary fats improved tractability of horses (Holland et al., 1996) and increased the protective properties of the gastric glandular mucosa (Cargile et al., 2004) . Vegetable oils (corn, soybean) and food-grade stabilized rice bran (20% fat) are easily digested by horses. Up to 2 cups of vegetable oils (corn oil, soybean oil, canola oil) can be added to grain, beet pulp, or pellets. The total amount may have to be introduced gradually, as larger amounts may decrease palatability. 
DIETARY CHALLENGES
Many horses develop obesity because they are fed too much grain in respect to their physical activity. Obesity is almost always associated with insulin resistance. Many explanations have been proposed, and it is highly likely that more than one mechanism is involved. Research has revealed that the adipocyte is more than just a simple passive fat storage depot, but rather is an active and integrated player in the regulation of energy balance. The adipocyte is also involved in the production of important hormonal factors (e.g. leptin, resistin, cortisol). The fact that insulin resistance is directly correlated with weight gain and weight loss suggests a cause-and-effect relationship. Metabolically active substances are released from adipose tissue and interfere with the action of insulin.
Both glucose intolerance and peripheral sensitivity to insulin can be improved as a result of dietary changes (rations with reduced glycemic index) and increased exercise. The glycemic index characterizes the rate of carbohydrate absorption after a meal and is defined as the area under curve (AUC) of the glucose response after consumption of the feed divided by the AUC after consumption of a reference meal (oats) ( Table 4) . Ideally, a low-starch ration (low glycemic index) that contains good quality forage and is balanced with respect to minerals and vitamins should be designed (Figure 3 ).
Maintenance requirements for the geriatric horse are similar to those of idle mature horses. Some geriatric horses may have difficulty maintaining body condition. Several factors may contribute to chronically low body condition, including decreased intake (e.g. dentition, competition), reduced digestibility, and environmental factors (e.g. cold temperature) that increase energy requirements. In fact, there is some evidence suggesting that fiber digestion in geriatric horses may be less than in younger horses, possibly due to a reduction in digestive capacity in the hindgut of geriatric horses. Based on these findings, feeding higher quality forages to geriatric horses is prudent especially when maintaining adequate body condition is a problem.
Current dietary protein requirements for maintenance in mature horses have been estimated to be 40 g of crude protein per Mcal of DE. The apparent digestibility of crude protein in geriatric horses appears to be less than that of younger horses. Thus, these horses may maintain condition better when fed diets containing 14-16% crude protein (about double the mature horse requirement). Loss of muscle mass is a common characteristic of geriatric horses. While loss of muscle mass may be attributed in part to a decreased level of physical activity, nutrition has also been implicated. Studies in rats suggest that diets high in the amino acid leucine may stimulate protein synthesis by an unknown mechanism. As alfalfa hay is relatively high in leucine as well as crude protein, it has been speculated that feeding alfalfa may be useful in preventing muscle loss in the geriatric horse.
As the nutritional requirements for trace minerals are not well defined for horses, it is unknown whether geriatric horses have different needs than younger animals. However, as geriatric horses were found to have reduced immune functions compared to younger horses, it has been suggested that supplementation of copper, zinc and chromium may have a positive impact on the health of geriatric horses. Vitamin E is the major lipid-soluble antioxidant within cell membranes. Vitamin E deficiencies have been associated with diseases of the muscle (white muscle disease), central nervous System (equine degenerative myelopathy, equine motor neuron disease, PPID?), and immune system. For example, vitamin E supplementation has been shown to attenuate the age-related increase in certain proinflammatory cytokines ("inflammaging"). In addition, reactive oxygen species are considered to contribute to the aging process. Thus, maintenance of adequate vitamin E in geriatric horses seems prudent. Importantly, while vitamin E (like vitamin A), is found in relatively high concentration in fresh forage as well as properly stored hay (i.e. hay that has not been wet or stored outdoors or exposed to sunlight), the activity of vitamin E deteriorates over time in stored forage. Hay stored for longer than 1 year may have minimal vitamin E levels.
Age-related changes in dentition can lead to a reduction in digestibility of nutrients. One common approach to this problem is to use complete feeds. They are generally a combination of roughage (often alfalfa meal and/or dehydrated beet pulp), energy concentrates (e.g. cereal grains, fats), and mineral-vitamin supplements. Cereal grains are commonly processed using heat treatment (e.g. pelleting, extrusion), which increases starch digestablity and absorption in the small intestine, thus reducing the risk of hindgut starch overload. There are several commercially available complete feeds that have been formulated for the needs of geriatric horses. If forage is fed (prevents boredom), it should be of high quality to ensure adequate provision of nutrients to account for the possibility of reduced digestibility. Grain-rich rations have a high glycemic index because they cause an exaggerated and sustained elevation in circulating glucose and insulin concentrations. Care should be taken when feeding geriatric horses with PPID. Many of the commercially available diets for geriatric horses contain easily available sugars (e.g. molasses) and starches. Therefore, specifically formulated "low starch" diets may be useful for these horses.
THE ORPHAN FOAL
Feeding and raising orphaned foals can be challenging particularly if the foal was orphaned at birth. There are two basic options to provide sufficient nutrition to the orphaned foal; use a nurse mare or goat, or manually feed the orphaned foal. For manual feeding, a possible feeding schedule is provided in Table 5 .
Obtaining a nurse mare would generally be highly desirable as it would greatly reduce labor. Unfortunately, in some parts of the country, nurse mares can be hard to find. Another potential problem includes convincing the mare to accept the foal. A possible substitute is to use goat's milk by purchasing a milk-producing goat. Some orphan foals have been fostered onto nanny goats with minimal restraint. However, as the foal grows, the goat may not provide enough milk and supplemental feed is required.
Most commonly, an intensive manual feeding program is developed. Initially, foals should be fed mare's milk, goat's milk, or a powdered mare's milk replacer ration. Many mare's milk replacer powders are commercially available and are preferred over milk replacers made for other species. Fresh, whole cow's milk should be avoided. It has nearly twice as much fat content and only 2/3 the sugar content of mare's milk and generally causes diarrhea in foals. Low fat cow's milk (2%) can be substituted if 20 g dextrose is added per liter. Another important consideration is the dilution of powdered milk replacer. Mare's milk contains about 10% dry matter, 2% protein, and 1.3% fat. Many dilution rates recommended by the manufacturer will result in a more concentrated milk mixture than what a foal would receive from a mare and thus increase the risk for impaction and colic. Therefore, a dilution rate of 1:10 (10-15%), which is more similar to natural mare's milk, is optimal (however, a larger amount of more diluted milk replacer has to be fed to provide the recommended total dry matter).
Bucket feeding is often preferred over bottle feeding for ease of management and because it is associated with fewer aspiration pneumonias and fewer bonding/behavioral problems. However, with bucket feeding, there is a strong tendency to overfeed (it's easier to feed three to four times daily rather than the more natural 12 or more). Hygiene problems are more common, causing enteric infections and diarrhea.
When bottle feeding, the use of a lamb's nipple is preferred over a calf nipple (they are often too large), and small, frequent feedings is optimal. The foal should be standing during feeding to prevent milk aspiration. To reduce the risk of aspiration, do not hold the bottle in a high and vertical position that forces the foal to overextend its head and neck. 
